CONTROL VALVE FOR 
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Cross -References to Related J^plications ^ If Any: 
5 This applica'tlon claims priority of Japanese 

Applications No . 2002-308576 filed on October 23, 2002, 
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Coxnpressor " , No . 2003-048392 filed on Febmiary 26, 2003, 
entitled ^^Control Valve for Variable Displacement 
10 Compressor'' and No . 2003-289581 filed on August 8, 2003, 
entitled ^^Control Valve for Variable Displacement 
Compressor" . 

BACKGROUND OF THE INVENTION 
15 (1) Field of the Invention 

The present invention relates to a control valve for 
a variable displacement compressor, and more particularly 
to a control valve employed in a varicQ^le displacement 
compressor of an automotive air conditioner, for 
20 controlling the refrigerant discharge capacity. 
(2) Description of the Related Art 

A compressor used in a refrigeration cycle of an 
automotive air conditioner is driven by an engine whose 
rotational speed is varied depending on a traveling 
25 condition of the vehicle, and hence is incapable of 
performing rotational speed control. For this reason, in 
general, a variable displacement compressor capable of 



1 



changing the refrigerant discharge capacity is employed so 
as to obtain an adequate refrigerating capacity without 
being constrained by the rotational speed of the engine. 

In the variable displacement compressor, in general, 
a wobble plate disposed within a crank chamber formed 
gas tight, such that the inclination angle thereof can be 
chajiged, is driven by the rotational motion of a 
rotational shaft, for performing wobbling motion, .and 
pistons caused to perform reciprocating motion in a 
direction parallel to the rotational shaft by the wobbling 
motion of the wobble plate draw refrigerant from a suction 
chamber into associated cylinders, compress the 
refrigerant, and then discharge the same into a discharge 
chamber. In doing this, the inclination angle of the 
wobble plate is varied by changing the pressure in the 
crank chamber , whereby the refrigeramt discharge capacity 
is varied. The control valve for a variable displacement 
compressor provides control to change the pressure in the 
crank chamber . 

In general , such a control valve for a variable 
displacement compressor, which variably controls the 
discharge capacity of the compressor, operates to 
introduce part of refrigerant discharged from the 
discharge chamber and having discharge pressure Pd into 
the crank chamber formed gas tight, such that pressure Pc 
in the crank chamber is controlled through control of the 
amount of refrigerant thus introduced, which control is 



carried out: according t,o suction pressure Ps in tihe 
suct:ion chamber. That is, t:he coht;rol valve for a variable 
displacement: compressor senses the suction pressure Ps, 
and controls the flow rate of refrigerant introduced from 
5 the discharge chcunber into the crank chamber at the 
discharge pressure Pd, so as to hold the suction pressure 
Ps at a constant level . 

To this end, the control valve for a variable 
displacement compressor is equipped with a pressure- 

10 sensing section for sensing the suction pressure Ps, and a 
valve section for causing a passage leading from the 
suction chamber to the crank chamber to open and close 
according to the suction pressure Ps sensed by the 
pressure-sensing section. Further, a type of the control 

15 valve for a variable displacement compressor which is 
capable of freely externally setting a value of suction 
pressure Ps to be assumed, at the start of the variable 
placement operation, is equipped with a solenoid that 
enables configuration of settings of the pressure-sensing 

20 section by external electric current. 

By the way, conventional control valves for a 
variable displacement compressor which can be externally 
controlled include a type for control of a variable 
displacement compressor configured such that an engine is 

25 directly connected to a rotational shaft of the compressor 
without providing an electromagnetic clutch between the 
engine and the rotational shaft on which a wobble plate is 
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fi'tted, for execu'tlon and lnh±bit:lon o£ 'transmission of a 
driving force of t:he engine (see e.g. Japanese Unexamined 
Patent Pxibllcatlon No. 2000-110731 (Paragraph Nos . [0010] 
and [0044], and FIG. 1)). 
5 This cont:rol valve comprises a valve section causing 

a passage communicating between a discharge chamber and a 
cranlc chamber to be opened and closed, a solenoid for 
generating an electromagnetic force causing -the valve 
section t:o operate In the closing direction, and a 

10 pressure-sensing section for causing the valve section to 
operate In the opening direction as suction pressure Ps 
^ becomes lower compared with the atmospheric pressure, 
which are arranged In this order. Therefore, when t:he 
solenoid Is not energized, 'the valve section Is In a fully 

15 open s-tate, whereby pressure Pc In a cranlc chamber can be 
held a-t a pressure close to discharge pressure Pd. This 
causes the wobble plate to become substantially at right 
angles -to the rotational shaft, enabling the variable 
displacement compressor to operate wltii minimum capacity. 

20 Thus, the refrigerant discharge capacity can be 
substantially reduced to approximately zero even when the 
engine Is directly connected to the rotational shaft, 
which malces It possible to eliminate the electromagnetic 
clutch . 

25 However, the conventional control valve for 

controlling a varleible displacement compressor dispensed 
with the electromagnetic clutch Is configured such that 
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-the pressure-sensing sect:±on and tiie valve section are 
arranged with the solenoid interposed therebetween, and 
the suction pressure Ps is introduced to the pressure- 
sensing section which compares the suction pressure Ps and 
5 the atmospheric pressure, via the solenoid. This 
necessitates the solenoid in its entirety to be 
accommodated within a pressure chamber, and hence 
components o£ the solenoid need to be designed with 
considerations given to resistance to pressure. 

10 

SUMMARY OF THE INVENTION 
The present invention has been made in view of these 
points, and an object thereof is to provide a control 
valve for a variable displacement compressor, which is 

15 capable of controlling the variable displacement 
compressor to the minimum capacity without using an 
electromagnetic clutch, and can be constructed without 
accommodating a solenoid in a pressure chamber. 

To solve the above problem, the present invention 

20 provides a control valve for a variable displacement 
compressor for controlling pressure in a crank chamber 
formed gastight to thereby change a refrigerant discharge 
capacity, characterized in that a plunger of a solenoid is 
divided into a first plunger and a second plunger, and a 

25 pressure-sensing member is disposed between the first 
plunger and the second plunger, for sensing suction 
pressure in a suction chamber. 
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The above and oUier objects, fea'tures and advan'bages 
of ^he present invent:±on will become apparent from ^he 
following descrlpt:lon when taken In conjunction wlt:h the 
accompanying drawings which lllust:rat:e preferred 
5 embodiments of the present Invention by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 Is a central . longitudinal cross -sectional 
view showing the construction of a control valve for a 
10 variable displacement compressor, according to a first 
embodiment . 

FIG. 2 Is a central longitudinal cross -sectional 
view showing the control valve for a variable displacement 
compressor In a state where the variable displacement 

15 compressor Is started. 

FIG. 3 Is a central longitudinal cross-sectional 
view showing the control valve for a variable displacement 
compressor In a state where the variable displacement 
compressor Is In steady operation. 

20 FIG. 4 Is a central longitudinal cross -sectional 

view showing the construction of a control valve for a 
variable displacement compressor, according to a second 
embodiment . 

FIG. 5 Is a central longitudinal cross -sectional 
25 view showing the construction of a control valve for a 
variable displacement compressor, according to a third 
embodiment . 
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FIG. 6 is a cent:ral long±t:udinal cross-secblonal 
view showing ^he cons'tructioii of a con'brol valve for a 
variable displacement: compressor, according "bo a fourth 
embodimen'b . 

FIG. 7 is a cen'bral longi'budinal cross -sectional 
view showing -the construction of a control valve for a 
variable displacemen't conKpressor, according "to a fifth 
embodiment . 

FIG. 8 is a cen'bral longitudinal cross -sectional 
view showing the construction of a control valve for a 
variable displacemen-t compressor, according "to a sixth 
embodiments . 

FIG. 9 is a central longitudinal cross-sectional 
view showing the construction of a control valve for a 
variable displacemen-t compressor, according to a seventh 
embodiment . 

FIG. 10 is a central longitudinal cross-sectional 
view showing the cons^ruct:ion of a control valve for a 
variable displacement: compressor, according to an eighth 
embodiment . 

FIG. 11 is a central longitudinal cross-sectional 
view showing the construction of a control valve for a 
variable displacemen-t compressor, according 1:o a ninth 
embodiment . 

FIG. 12 is a partial enlarged central longitudinal 
cross -sectional view for explaining a valve section of a 
control valve for a variable displacement compressor. 



according to a ten-th embodiment. 

FIG. 13 Is a central longitudinal cross-sectional 
view showing the construction of a control valve for a 
variable displacement compressor, according to an eleventh 
embodiment . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, embodiments of the present invention 
will be described in detail . with reference to the drawings . 

FIG. 1 is a central longitudinal cross-sectional 
view showing the construction of a control valve for a 
variable displacement compressor, according to a first 
embodiment of the invention. 

The control valve for the variable displacement 
compressor Includes a valve section in an upper location 
as viewed in the figure. In the valve section, an opening 
in the top of a body 11 forms a port 12 which communicates 
with a discharge chamber of the variable displacement 
compressor and receives discharge pressure Pd, and a 
strainer 13 is provided on the port 12 . The port 12 
receiving the discharge pressure Pd internally 
communicates with a port 14 communicating with a crank 
chamber of the variable displacement compressor and formed 
in the body 11 so as to guide controlled pressure Pc out 
into the crank chamber, and a valve seat 15 is formed in a 
refrigerant passage communicating between the port 12 and 
the port 14, as an integral part of the body 11. In 
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opposed rela'bion ^o a side of the valve seat where the 
discharge pressure Pd is received, a valve element 16 is 
disposed in an axially movable manner. The valve element 
16 is urged in the valve-closing direction by a spring 17 
5 which has its load adjusted by an adjustment screw 18 
screwed into the port 12. Below the body 11, as viewed in 
the figure, there is formed a port 19 communicating with a 
suction chamber of the variable displacement compressor 
and receiving suction pressure Ps . 

10 A hollow cylindrical member 20 is disposed at a 

lower end of the body 11, and a first plunger 21 is 
axially movably disposed within the hollow cylindrical 
member 20. The first plunger 21 has a guide 22, which is 
made e.g. of polytetraf luoroethylene and has a low sliding 

15 resistance, fitted along the periphery thereof at a lower 
part location as viewed in the figure. The outer 
peripheral surface of the guide 22 is in sliding contact 
with the inner wall of the hollow cylindrical member 20, 
whereby when the first plunger 21 axially moves, the guide 

20 22 serves to guide the first plunger 21, while maintaining 
the same at a predetermined distance from the inner wall 
of the hollow cylindrical member 20. It should be noted 
that the guide 22 is not provided along the entire 
circumference of the first plunger 21, but has one portion 

25 thereof cut open, thereby allowing the suction pressure Ps 
to be introduced into a space formed on a lower end side 
of the first plunger 21. 
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The first: plunger 21 has a flange 23 fixed t,o an 
upper end locat;lon t:hereof by press-f I'b'blng, wltJi a spring 
24 In'terposed be'bween ^he flange 23 and an upper end face 
of t:he hollow cylindrical member 20. A shaft: 25, which Is 
5 axlally movably disposed wlUiln "the body 11 wlt:h almos't no 
clearance be'bween bhe same and "the body 11, has a lower 
end -thereof fixed to the first plunger 21, by press- 
fit: ting, at an upper cuclal location of the first: plunger 
21. Thus, tJie shaft 25 and t:he guide 22 position -the first 

10 plunger 21 on the axis of the body 11. The upper end of 
the shaft: 25 extends through a valve hole and Is In 
contact with the valve elemen't 16. 

The spring 24 urging the first plunger 21 upward as 
viewed In the figure Is configured to have a larger spring 

15 force than tha^t of the spring 17 urging the valve el^aent 
16 In the valve-closing direction. Therefore, when the 
solenoid Is not energized, the first plunger 21 Is In 
abutment: with t:he celling of a chamber communlcat:lng with 
the por^t 19, and the valve element 16 wl^th which -the shaft 

20 25 Is In con-tact Is In Its fully open position. 

Below the first plunger 21, a diaphragm 26 
constlt:u'tlng a pressure-sensing section Is disposed. The 
diaphragm 26 has lt:s outer peripheral edge sandwiched by 
the hollow cylindrical member 20 and a casing 27 of the 

25 solenoid, and sealed by a gasket 28. The sandwiching of 
the diaphragm 26 by the hollow cylindrical member 20 and 
the casing 27 of t:he solenoid Is realized by swaging an 
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upper end edge of the casing 27 as viewed in tJie figure 
onto the lower end of the body 11 as viewed in the figure, 
with the hollow cylindrical member 20 held therebetween. 
Thus, part forming a pressure chamber of the control valve 
5 for the variable displacement compressor extends up to a 
portion partitioned by the diaphragm 26, and part lower 
than this portion receives the atmospheric pressure. It 
should be noted that the diaphragm 26 is formed e.g. of 
one piece of polyimide film. However, by using a plurality 

10 of pieces thereof overlaid one upon other as required, it 
is possible to increase resistance to breakage which might 
be caused by repeated collision of the first plunger 21. 

Within the casing 27, a magnet coil 29 is disposed, 
and inside the magnet coil 29 is disposed a sleeve 30. The 

15 sleeve 30 has a core 31 inserted into a lower portion 
thereof and fixed thereto. Between the core 31 and the 
diaphragm 26 is disposed a second plunger 32 such that the 
second plunger 32 is axially movable within the sleeve 30 . 
The second plunger 32 has the upper end of a shaft 33 

20 disposed along the axis thereof, as viewed in the figure, 
fixed thereto by press-fitting, with the lower end of the 
shaft 33 being supported by a bearing 35 disposed within a 
knob 34 which closes the open end of the casing 27. 
Disposed between the second plunger 32 and the core 31 is 

25 a spring 36 which urges the second plunger 32 toward the 
diaphragm 26. 

The body 11 has an O ring 37 fitted on a periphery 
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•thereof a't a locat:ion be'tween the port 12 via whxch the 
discharge pressure Pd Is Introduced and the port 14 via 
which the pressure Pc Is guided out Into the crank chamber, 
and has an O ring 38 fitted on a periphery thereof at a 
5 location between the port 14 via which the pressure Pc Is 
guided out and the port 19 via which the suction pressure 
Ps Is Introduced. The lower end of the casing 27 as viewed 
In the figure has an O ring 39 fitted on a periphery 
thereof for cutting off the suction pressure Ps from the 

10 atmospheric pressure. Further, the magnet coll 29 Is 
supplied with control current via a harness 40 . 

In the cd^ove construction described above, the 
hollow cylindrical member 20, the casing 27, and the knob 
34 are made of magnetic materials, thereby serving as a 

15 yoke of a magnetic circuit of the solenoid, with the lines 
of magnetic force generated by the magnet coll 29 
extending through the magnetic circuit formed by the 
casing 27, the hollow cylindrical member 20, the first 
plunger 21, the second plunger 32, the core 31, and the 

20 knob 34. 

The control valve for a variable displacement 
compressor as shown In the figure Is In a state wherein 
the solenoid Is not energized, and the suction pressure Ps 
Is high, that Is, when the air conditioner Is not In 
25 operation. Since the suction pressure Ps Is high, the 
diaphragm 26 Is displaced downward, as viewed In the 
figure, against the load of the spring 36 to thereby bring 
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the second plunger 32 lnt:o abutmen't wlUi tiie core 31 . On 
'the other hand, the first plunger 21 Is urged upward as 
viewed In the figure by the spring 24, so that It Is moved 
away from the diaphragm 26, and hence In a state free from 
5 Influence of the diaphragm 26 which Is displaced by 
changes In the suction pressure Ps . E\irther, the first 
plunger 21 urges the valve element 16 toward the fully 
open position thereof via the shaft 25. Therefore, In this 
state, even when the rotational shaft of the variable 

10 displacement compressor Is driven for rotation by the 
engine, the variable displacement compressor Is operated 
with the minimum discharge capacity. 

FIG. 2 Is a central longitudinal cross- 
sectional view showing the control valve for a variable 

15 displacement compressor In a state where the variable 
displacement compressor Is started, and FIG. 3 Is a 
central longitudinal cross-sectional view showing the 
control valve for a variable displacement compressor In a 
state where the variable displacement compressor Is In 

20 steady operation. 

When the maximum control current Is supplied to the 
magnet coll 29 of the solenoid, as In the case of the 
var laddie displacement compressor having been started, as 
shown In FIG. 2, the second plunger 32 Is pressed downward 

25 as viewed In the figure by the high suction pressure Ps to 
be brought Into abutment with the core 31, so that even If 
the second plunger 32 Is attracted by the core 31 , It 
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remains ±n Uie same posit;lon. Therefore, In tills case, the 
second plunger 32 and t:he core 31 behaves as If they were 
a fixed core, so that the second plunger 32 attracts the 
first plunger 21, causing the first plunger 21 to be 
5 attached to the second plunger 32 via the diaphragm 26, 
whereby the shaft 25 Is pulled downward. As a result, the 
spring 17 causes the valve element 16 to be seated on the 
valve seat 15, to fully close the valve section. This 
blocks off the passage extending from the discharge 
* 10 chamber to the crank chamber, so that the varlcd^le 
displacement conqpressor Is promptly shifted Into the 
operation with the maximum capacity. 

Mien the variable displacement compressor continues 
to operate with the maximum capacity to make the suction 

15 pressure Ps low enough, the diaphragm 26 senses the 
suction pressure Ps to attempt to move upward as viewed In 
the figure. At this time. If the control current supplied 
to the magnet coll 29 Is decreased according to the set 
temperature of the air conditioner, as shown In FIG. 3, 

20 the first plunger 21, the diaphragm 26, and the second 
plunger 32 In attracted state move In unison upward as 
viewed In the figure to a position where the suction 
pressure Ps, the loads of the springs 17, 24, and 36, and 
the attractive force of the solenoid are balanced. This 

25 causes the valve element 16 to be pushed upward as viewed 
In the figure by the shaft 25 to move away the valve seat 
15, to be set to a predetermined valve lift. Therefore, 
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refrigeraxi't having discharge pressure Pd is int:roduced 
in'to Uie crank chaxnber a^ a flow ra'te con'brolled -bo a 
value dependent: on t:he valve lif't, whereby t:he variable 
displacement: compressor is shifted opera'tion witli "the 

5 capacit:y corresponding "to "bhe contool current. 

When -the con'brol current: supplied t:o t:he magnet: coil. 
29 of "the solenoid is const:an't, t:he diaphragm 26 senses 
tiie suction pressure Ps t:o thereby control the valve lift 
of the valve section. For exan^le, wheii the refrigerating 

10 load is increased to make t:he suction pressure Ps high, 
the diaphragm 26 is displaced downward as viewed in the 
figure, so tha-t the valve element 16 is also moved 
downward to decrease t:he valve lift of the valve section, 
causing the variable displacement compressor to operate in 

15 a direction of increasing the discharge capacity. On the 
other hand, when the refrigerating load is decreased to 
make the suction pressure Ps low, the diaphragm 26 is 
displaced upward as viewed in the figure to increase the 
valve lift of the valve section, causing the variable 

20 displacement compressor to operate in a direction of 
decreasing the discharge capacity. Thus, the variable 
displacement compressor operates to make the suction 
pressure Ps cons-tant. 

FX6. 4 is a central longitudinal cross-sectional 

25 view showing the construction of a control valve for a 
variable displacement compressor, according to a second 
embodiment of the present invention, and componen't 
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elemeni:s Iden'tlcal or equivalent to those shown In FIG. 1 
are designated by the same reference numerals, and 
detailed description thereof Is omitted. 

The control valve for a variable displacement 
coxnpressor, according to the second embodiment Is 
distinguished from the control valve according to the 
first embodiment In that the locations of the port 12 
receiving discharge pressure Pd from the discharge chamber 
and the port 14 from which the controlled pressure Pc Is 
guided out Into the crank chamber are Inverted. 

In the control valve for a variable displacement 
coznpressor, the valve element 16 Is Integrally formed with 
a pressure-sensing piston 41, and the discharge pressure 
Pd Is Introduced Into a reduced-diameter portion 
connecting the valve element 16 and the pressure-sensing 
piston 41. The pressure-sensing piston 41 has an outer 
diameter equal to an Inner diameter of a valve hole 
forming the valve seat 15 , whereby the pressure-receiving 
area of the valve element 16 and the pressure-receiving 
area of the pressure-sensing piston 41 are made equal to 
each other. This causes the force of the discharge 
pressure Pd acting to move the valve element 16 upward as 
viewed In the figure to be cancelled out by the force of 
the same acting to move the pressure-sensing piston 41 
downward as viewed In the figure, thereby enabling the 
solenoid and the diaphragm 26 to control the valve element 
16 without being Influenced by the discharge pressure Pd 



whxch Is hxgh. 

The pressure-sensing piston 41 has a function o£ 
canceling out: Influence o£ the discharge pressure Pd and a 
function of a shaf't for transmit: ting the motions of the 
5 solenoid and the diaphragm 26 t:o the valve element 16, as 
in the case of the control valve for a variable 
dlsplacemen't compressor, according to the first embodiment. 

The ether feat:ures of the construct:ion in which t:he 
plunger is divided into "two wi^h the diaphragm 26 disposed 

10 therebetween and the construction of the solenoid are the 
same as those of the con-trol valve for a variable 
dlsplacemen't compressor, according to the first: embodimen't, 
and hence description of the opera-tion thereof is omi-t-ted. 

FIG. 5 is a central longitudinal cross -sectional 

15 view showing tiie cons'truc'tlon of a control valve for a 
varieJdle displacement conpressor, according to a 'third 
embodiment of the present invention, and component 
elements Identical or equivalent: to -those shown in FIG. 1 
are designated by the same reference numerals, and 

20 de^tailed descrip-tion thereof is omi-tted. 

The control valve for a variable displacement 
compressor, according -to the third embodiment is 
distinguished from the control valves according to the 
first embodiment and the second embodiment in that the 

25 control valve performs the control of the flow rate of 
refrigerant having pressure Pc allowed to escape from the 
crank chamber to the suction chamber in addition to the 
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cont:rol of the flow rate of refrigerant having discharge 
pressure Pd introduced into the crank chamber , which is 
carried out by the control valves according to the first 
and second embodiments. 
5 In this control valve for a variable displacement 

compressor, the passage communicating with the crank 
chamber is divided in two. That is, the body 11 has a port 
14a via which controlled pressure Pel is guided out into 
the crank chamber and a port 14b via which pressure Pc2 is 

10 introduced from the crank chamber. This is for forming a 
passage allowing refrigeremt introduced from the discharge 
chamber and controlled by the valve section to once enter 
the crank chamber and then flow from the crank chamber 
into the suction chamber, so as to cause lubricating oil 

15 mixed in the refrigerant for lubrication of the compressor, 
to be positively flow by way of the crank chamber. 

The port 14b via which the refrigerant returns from 
the crank chamber opens , via a communication passage 42 , 
into space coaomunicating with the port 19 leading to the 

20 suction chamber. The opening which opens into the space is 
configured to be opened and closed by the first plunger 21. 
Therefore, when the valve section is . fully closed, a 
passage between the crank chamber and the suction chamber 
is opened, to maximize the flow rate of refrigerant 

25 allowed to flow from the crank chamber to the suction 
chamber, thereby enabling the compressor to perform prompt 
transition to the maximum capacity operation, while the 
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valve sec1:ion is fully open, tiie passage be'tween "the crank 
chamber and "the suction chamber is closed, t,o maximize the 
flow rate of refrigeran'b int:roduced from "the discharge 
chamber int:o tiie crank chamber, 'thereby enabling the 
5 compressor to perform prompt transition to the minimum 
capacity operation. 

The other features of the construction in which the 
plunger is divided into the first plunger 21 and the 
second plunger 32 with the diaphragm 26 disposed 

10 therebetween, and the construction of the solenoid are the 
same as those of the control valve for a variable 
displacement coxupressor , according to the first embodiment. 
Therefore, the operation of this control valve for a 
variable displacement compressor is the same as that of 

15 the control valve for a variable displacement compressor, 
according to the first embodiment, and hence description 
thereof is omitted. 

FIG. 6 is a central longitudinal cross -sectional 
view showing the construction of a control valve for a 

20 variable displacement compressor, according to a fourth 
embodiment of the present invention. In FIG. 6, component 
elements identical or equivalent to those shown in FIG. 1 
are designated by the same reference numerals, and 
detailed description thereof is omitted. 

25 The control valve for a variable displacement 

compressor, according to the fourth embodiment includes 
cushioning means for softening impact of collision of the 
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fxrst: plunger 21 wlt:h tJie diaphragm 26 occurring when tJie 
firs'b plunger 21 is at'trac'ted to tJie second plunger 32 
upon energization o£ the solenoid. More specifically, a 
disk 43 is interposed between the first plunger 21 and the 
5 diaphragm 26, and a spring 44 is interposed between the 
first plunger 21 and the disk 43. This arrangement has not 
only the function of constantly bringing the disk 43 into 
contact with the diaphragm 26, but also the same function 
as the function of the spring 24 urging the first plunger 

10 21 toward the valve section as in the case of the control 
valves for a variable displacement compressor, according 
to the first to third embodiments . The disk 43 is held by 
a guide 22 formed on the outer periphery of the first 
plunger 21 and extending further downward with respect to 

15 a lower end of the first plunger 21. 

With the above arrangement, the disk 43 is urged by 
the spring 44, so that the second plunger 32, the 
diaphragm 26, and the disk 43 are always in contact with 
each other, and move in unison. When the solenoid is not 

20 energized, as shown in the figure, the first plunger 21 
and the disk 43 are made separate from each other by the 
spring 44. When the solenoid is energized, the first 
plunger 21 is attracted by the disk 43 integrated 
therewith and attached to the disk 43 by collision. The 

25 force of impact of the collision is transmitted to the 
diaphragm 26 after being absorbed for cushioning by the 
disk 43, so that the impact on the diaphragm 26 is reduced. 
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The otiier features o£ the cons'bruc^bxon in which tiie 
plunger is divided into the first plunger 21 and the 
second plunger 32 with the diaphragm 26 disposed 
therebetween, and the construction of the solenoid are 
5 also the same as those of the control valve for a variable 
displacement compressor, according to the first embodiment. 
Therefore, the operation of this control valve for a 
variable displacement coxopressor is the same as that of 
the control valve for a variable displacement conqpressor , 

10 according to the first embodiment, and therefore 
description thereof is omitted. 

FIG. 7 is a central longitudinal cross -sectional 
view showing the construction of a control valve for a 
variable displacement compre^ssor, according to a fifth 

15 embodiment of the present invention. In FIG. 7, component 
elements identical or equivalent to those shown in FIG. 4 
are designated by the same reference numerals, and 
detailed description thereof is omitted. 

The control valve for a variable displacement 

20 compressor, according to the fifth embodiment includes a 
mechanism for adjusting the load of the spring 36, in 
addition to the construction of the control valve for a 
variable displacement coxopressor, according to the second 
embodiment. More specifically, an adjustment screw 45 is 

25 screwed into the knob 34 at the lower end of the valve as 
viewed in the figure, and the adjustment screw 45 is 
formed to have such a shape that it supports the lower end 
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o£ the shaft 33 In an axially movable manner. A retaining 
ring 46 is fitted on an intermediate portion of the shaft 
33 , and a spring retainer 47 is provided such that the 
upward motion, as viewed in the figure, of the spring 
5 retainer 47 is limited by the retaining ring 46. A spring 
36 is interposed between the spring retainer 47 and the 
adjustment screw 45. With this arrangement, the amount of 
screw-in of the adjustment screw 45 into the knob 34 can 
be adjusted to adjust the load of the spring 36, thereby 

10 adjusting the set value for the control valve for a 
variable displacement compressor. 

FIG. 8 is a central longitudinal cross -sectional 
view showing the construction of a control valve for a 
variable displacement compressor, according to a sixth 

15 embodiment of the present invention. In FIG. 8, component 
elements identical or equivalent to those shown in FIGS. 6 
and 7 are designated by the same reference numerals, and 
detailed description thereof is omitted. 

The control valve for a variable displacement 

20 compressor, according to a sixth embodiment of the present 
invention is configured such that the first plunger 21 and 
the disk 43 are axially movably guided by a sleeve 48 
fixed to the hollow cylindrical member 20 by press-fitting, 
and the first plunger 21 is in contact with the pressure- 

25 sensing piston 41 which is integrally formed with the 
valve element 16. The hollow cylindrical member 20 has a 
lower part thereof, as viewed in the figure, expanded such 
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that: annular space Is defined be'bween the same and the 
sleeve 48, with a communication hole 49 being formed 
through a stepped portion thereof, for communication 
between the port 19 via which the suction pressure Ps is 
5 introduced and a space above the upper surface of the 
diaphragm 26. Further, the lower end of the solenoid, as 
viewed in the figure, is provided with a connector 50 to 
which is connected the connector of the harness . The 
connector 50 has the adjustment screw 45 screwed therein 

10 for adjustment of load of the spring 36, and is formed 
with a communication hole 51 for communicating the inside 
of the solenoid with the atmosphere. The other features of 
this control valve are identical to those of the control 
valve for a variable displacement compressor, according to 

15 the fourth embodiment, except that the valve element 16 
has a tapered shape, and hence description of the 
operation thereof is omitted. 

FIG. 9 is a central longitudinal cross-sectional 
view showing the construction of a control valve for a 

2 0 variable displacement compressor, according to a seventh 
embodiment of the present invention. In FIG. 9, component 
elements identical or equivalent to those shown in FIG. 8 
are designated by the same reference numerals, and 
detailed description thereof is omitted. 

25 The control valve for a variable displacement 

compressor, according to the seventh embodiment is 
distinguished from the control valve for a variable 
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dxsplacemen't coxnpressor according to tiie slxtii embodimen'b 
in which 'the centering of the first plunger 21 and the 
disk 43 Is performed by the sleeve 48 fixed to the hollow 
cylindrical member 20, In that the centering Is performed 
5 by another method. That Is, the first plunger 21 Is 
centered by being fitted on the pressure-sensing piston 41 
Integrally formed with the valve element 16, and the disk 
43 Is centered by having a convex portion formed on an end 
face thereof toward the diaphragm 26 fitted In a concave 

10 portion formed In the center of the diaphragm 26 and the 
second plunger 32 . It should be noted that the same 
effects can be obtained by providing a concave portion In 
the disk 43 and providing a convex portion on the 
diaphragm 26 and the second plunger 32. The other features 

15 of the construction of this control valve are the same as 
those of the control valve for a variable displacement 
compressor, according to the sixth embodiment shown In F16. 
8, and therefore, description of the operation thereof Is 
omitted. 

20 FIG. 10 Is a central longitudinal cross -sectional 

view showing the construction of a control valve for a 
variable displacement compressor, according to an eighth 
embodiment of the present Invention. In FIG. 10, component 
elements Identical or equivalent to those shown In FIGS . 7 

25 and 8 are designated by the same reference numerals, and 
detailed description thereof Is omitted. 

The control valve for a variable displacement 
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compressor, according to 'the eighth embodiment; xs 
distinguished from the control valve for a variable 
displacement compressor, according to the fifth embodiment 
shown In FIG. 7 In that the shape of the first plunger 21 
5 Is changed such that It Is promptly brought Into contact 
with the diaphragm 26. 

That Is, the first plunger 21 Is axlally movably 
held by two C- shaped guides 22 provided therearound In 
sliding contact with the Inner wall of the hollow 

lb cylindrical member 20 with a predetermined distance 
maintained from the surface of the Inner wall. Therefore, 
the first plunger 21 Is held by the hollow cylindrical 
member 20 with a relatively large clearance provided 
between the first plunger 21 and the hollow cylindrical 

15 member 20. An end face of the first plunger 21 opposed to 
the diaphragm 26 Is not flat but configured such that a 
center and Its neighborhood thereof Is formed as a flat 
surface and a surrounding portion Is gently tapered, or 
such that the cross -section of the end face has a shape of 

20 an arc having a large radius. 

If the guide 22 Is made of a material, e.g. 
polytetraf luoroethylene , having a characteristic of 
expanding and contracting depending on temperature or the 
type of refrigerant, when the solenoid Is energized to 

25 cause the first plunger 21 and the second plunger 32 to 
attract each other, the guide 22 sometimes causes the 
first plunger 21 to be Inclined and then bring the same 
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1x11:0 con-tact: with the diaphragm 26. In this case, the end 
£ace of the firs^t plunger 21 opposed t,o ^he diaphragm 26 
is brough't in'to abutment the diaphragm via i^s "tapered 
portion, and therefore i^t is possdLble "to cause the valve 
5 elemen-t 16 "to promp-tly close the valve section. This 
prevents occurrence of a two-step operation occurring in 
"the case of "the end face of t:he first: plunger 21 opposed 
"to tJie diaphragm being flat, i.e. a t:wo-st:ep operation in 
which a peripheral portion of the flat end face of -the 

10 first: plunger 21 is brought: into contact with the 
diaphragm 26 by the a-t-tractive force, and "then the fla-t 
end face of the firs^t plunger 21 is brought: int:o con-tact 
wit:h t:he diaphragm 26. This makes it possible -to promptly 
close -the valve elemen-t 16, and close the valve elemen-t 16 

15 wi-th accuracy since the phenomenon of the firs-t plunger 21 
being stopped a^t a firs-t s^tep of the -two-s-tep opera^tion 
does not occur. 

It should be no-ted tha-t -this con-trol valve for a 
variable displacement compressor has -the same construction 

20 as -tha-t of -the contirol valve for a variable displacemen-t 
compressor, according -to the fift:h embodimen-t shown in FIG. 
7, excep-t -that: tJie end face of the firs-t plunger 21 
opposed to -the diaphragm 26 has a -tapered shape, and -the 
first plunger 21 is supported by t:he 1:wo guides 22, and 

25 "therefore, description of the operation -thereof is omi-t-ted. 

FIG. 11 is a cen-tral longitudinal cross -sectional 
view showing -the cons -true tion of a control valve for a 
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variable dlsplacemen't coxnpressor, according 'to a ninth 
embodimen't of 1:he present Invention. In FIG. 11, component: 
elements Identical or equivalent to those shown In FIG. 10 
are designated by the same reference numerals, and 
5 detailed description thereof Is oml'tted. 

The control valve for a variable displacement 
compressor, according -to the ninth embodiment Is 
distinguished from the control valve for a variable 
displacement compressor, according to the eighth 
10 embodiment shown In FIG. 10 In that a bellows Is used for 
the pressure-sensing member for sensing the suction 
pressure Ps . 

That Is, the bellows 52 Is disposed between the 
first plunger 21 and the second plunger 32. The bellows 52 

15 has Its flange portion radially extending from an upper 
end face thereof as viewed In the figure, sandwiched 
between the hollow cylindrical member 20 and the casing 27 
of the solenoid, and sealed by the gasket 28. The lower 
end face of the bellows 52 as viewed In the figure Is 

20 closed, and In contact with the second plunger 32. The 
first plunger 21 has a columnar member 53 formed 
Integrally therewith at a lower portion thereof as viewed 
In the figure, and the columnar member 53 Is positioned In 
a hollow space of the bellows 52 . When the solenoid Is not 

25 energized, and the first plunger 21 Is urged by the spring 
24 In the upward direction as viewed In the figure, the 
columnar member 53 of the first plunger 21 Is spaced from 
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the bellows 52 . 

It should be. noted that this control valve for a 
variable displacement compressor has the same construction 
as that of the control valve for a variable displacement 
5 compressor, according to the eighth embodiment shovm In 
FIG. 10, except that the bellows 52 Is used for the 
pressure-sensing member. Therefore, the operation of the 
control valve according to the present embodiment Is the 
same as that of the control valve according to the eight 
10 embodiment, and hence description of the operation thereof 
is omitted. 

FIG. 12 is a partial enlarged central longitudinal 
cross-sectional view for explaining the construction of a 
valve section of a control valve for a variable 

15 displacement con^ressor, according to a tenth embodiment 
of the present invention. In FIG. 12, component elements 
identical or equivalent to those shown in FIG. 11 are 
designated by the same reference numerals, and detailed 
description thereof is omitted. 

20 The control valve for a variable displacement 

compressor, according to the tenth embodiment is 
configured such that even when the suction pressure Ps is 
in any condition, making the receiving pressure unbalanced 
with the discharge pressure Pd received at the valve 

25 section, it is possible to promptly fully open the valve. 

That is , in the control valves for a variable 
displacement coznpressor shown in FIGS. 4, 7 to 11, the 
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ports of t:he valve sect:±on are arranged from tJtie solenoid 
side in 'the order of t:he respective ones for the suction 
pressure Ps, the discharge pressure Pd, and the pressure 
Pc for the crank chamber, so as to prevent the discharge 
pressure Pd, which is highest in pressure, from affecting 
the control of valve element 16. This is achieved by 
making the inner diameter A of the valve hole equal to the 
outer diameter B of the pressure-sensing piston 41, which 
causes the force of the discharge pressure Pd acting on 
the valve element 16 in the upward direction as viewed in 
the figure to be cancelled out by the force of the same 
acting on the pressure-sensing piston 41 in the downward 
direction as viewed in the figure. In the construction of 
canceling out the discharge pressure Pd, the valve element 
16 controls the valve section by the differential pressure 
(Pc - Ps) between the pressure Pc for the crank chamber 
and the suction pressure Ps . 

However, the differential pressure (Pc - Ps) between 
the pressure Pc acting on the valve element 16 and the 
suction pressure Ps acting on the pressure- sensing piston 
41 imposes load on the valve element 16 and the pressure- 
sensing piston 41 in the self-closing direction since the 
pressure Pc is higher than the suction pressure Ps . 
Therefore, when the feed of current to the solenoid is 
stopped to fully open the valve section, the spring 24 
urging the first . plunger 21 in the valve-opening direction 
presses the pressure-sensing piston 41 to cause the valve 



element: 16 ^to be made separate from the valve seat 15. 
However, as the differential pressure (Pc - Ps) increases, 
the load in the self-closing direction also increases , 
which makes the valve section difficult to open, and in 
5 some cases, the phenomenon of incapable of opening the 
valve section occurs. Particularly, in the case of 
variable displacement compressors that dispense with an 
electromagnetic clutch, no matter the suction pressure Ps 
may be in what pressure condition, when the power supply 

10 to the solenoid is stopped, it is necessary to forcibly 
fully open the control valve to minimize the discharge 
capacity of the coxnpressor . 

To this end, in this control valve for a variable 
displacement compressor, the inner diameter A of the valve 

15 hole is made e.g. approximately 3 % larger than the outer 
diameter B of the pressure- sensing piston 41, to make the 
pressure-receiving area of the valve element 16 larger 
than the pressure-sensing area of the pressure-sensing 
piston 41, whereby the pressure-receiving balance related 

20 to the discharge pressure Pd is thrown off in the valve- 
opening direction. This makes the load in the self-closing 
direction smaller even when the differential pressure (Pc 
- Ps) increases, so that it is possible to positively 
fully open the valve section by the urging force of the 

25 spring 24 when the power supply to the solenoid is turned 
off. 

FIG. 13 is a central longitudinal cross -sectional 
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view showing the construction o£ a control valve for a 
variable displacement con^ressor, according to an eleventh 
embodiment of the present Invention. In FIG. 13, component 
elements Identical or equivalent to those shown In FIGS. 5 
and 10 are designated by the same reference numerals, and 
detailed description thereof Is omitted. 

The control valve for a variable displacement 
coxopressor , according to the eleventh embodiment. Is 
configured such that In addition to control provided by 
the control valve for a variable displacement compressor, 
according to the eighth embodiment shown In FIG. 10, on 
the flow rate of refrigerant Introduced Into the crank 
chamber . while canceling out the discharge pressure Pd of 
refrigerant Introduced Into the crank chamber, this 
control valve provides control also on the flow rate of 
refrigerant having pressure Pc allowed to escape from the 
crank chamber Into the suction chamber . 

That Is, the body 11 Is provided with a port 14a for 
guiding refrigerant out Into the crank chamber and a port 
14b for Introducing refrigerant from the crank chamber, 
and this port 14b communicates with a space accommodating 
the first plunger 21 via a refrigerant passage 54 coaxial 
with the pressure*senslng piston 41. The solenoid side end 
of the pressure-sensing piston 41 has a valve element 55 
Integrally formed therewith, and the valve element 55 has 
an end face thereof In contact with the first plunger 21. 
The valve element 55 has a valve element structure of a 



spool valve. When tiie valve element: 16 is l±ft:ed off tihe 
valve sea'b 15, -the valve elemen-k 55 closes 'the refrigerant 
passage 54 to block off the flow of refrigerant from t:he 
crank chamber -to the suction chamber, whereas when the 
5 valve element 16 is seated on the valve seat: 15, the valve 
element 55 opens the refrigerant passage 54 to allow 
refrigerant in the crank chamber to escape in^to t:he 
suction chamber via the port 19. This makes it possible to 
promp'tly increase or decrease the pressure Pc in the crank 

10 chamber, whereby the variable displacement compressor can 
be proinptly shifted to the minimum capacity operation or 
the maximum capacity operation. 

As describe above, according to the present 
invention, the plunger of the solenoid is divided in two, 

15 with the pressure-sensing member being disposed between 
them, for sensing suction pressure, and one of the 
divisional plungers performs valve opening control of t:he 
valve section for controlling the pressure in the crank 
chamber. This maUces it possible to construct components 

20 ranging from the valve section to a port:ion where the 
pressure-sensing member is disposed, including one of the 
plungers which controls the valve lift of the valve 
section, as components to which pressure is applied, and 
part of the solenoid exclusive of one the plungers which 

25 controls the valve lift of the valve section can be 
constructed as part open to the atmospheric pressure 
without being accommodated in the pressure chamber. 
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Further, when Uie solenoid ±s no't energized, the 
pressure-sensing member is moved away from one of the 
plungers which controls the valve lift of the valve 
section, so that the displacement of the pressure-sensing 
5 member is not transmitted to the valve section, and at the 
same time, the valve section is held in a fully open state. 
This makes it possible to control the variable 
displac^nent coiapressor to the minimimL capacity without 
using an electromagnetic clutch. 

10 The foregoing is considered as illustrative only of 

the principles of the present invention. Further, since 
numerous modifications and changes will readily occur to 
those skilled in the art, it is not desired to limit the 
invention to the exact construction and applications shown 

15 and described, and accordingly, all isui table modifications 
and equivalents may be regarded as falling within the 
scope of the invention in the appended claims and their 
equi valents^ . 
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